Ethnic and geographical differences are important factors in studying disease frequencies, because they may highlight the environmental or genetic influences in the etiology. We retrieved the studies which have been published regarding the epidemiologic features of gastroesophageal reflux disease (GERD) in Asia, based on the definitions of GERD, study settings, publication years and geographical regions. From the population-based studies, the prevalence of symptom-based GERD in Eastern Asia was found to be 2.5%-4.8% before 2005 and 5.2%-8.5% from 2005 to 2010. In Southeast and Western Asia, it was 6.3%-18.3% after 2005, which was much higher than those in Eastern Asia. There were robust epidemiologic data of endoscopic reflux esophagitis in medical check-up participants. The prevalence of endoscopic reflux esophagitis in Eastern Asia increased from 3.4%-5.0% before 2000, to 4.3%-15.7% after 2005. Although there were only limited studies, the prevalence of extra-esophageal syndromes in Asia was higher in GERD group than in controls. The prevalence of Barrett's esophagus was 0.06%-0.84% in the health check-up participants, whereas it was 0.31%-2.00% in the referral hospital settings. In summary, the prevalence of symptom-based GERD and endoscopic reflux esophagitis has increased in Asian countries. However, the prevalence of Barrett's esophagus in Asia has not changed and also still rare. 
Introduction
Gastroesophageal reflux disease (GERD) broadly includes the whole spectrum of reflux disease, from intermittent symptoms like heartburn or acid regurgitation to endoscopic reflux esophagitis and Barrett's esophagus. 1 It usually gives a considerable impact on the quality of the patient's life not only by the symptoms, but also by the following consultation procedures and medical cares. While GERD is a common disease and also the major upper gastrointestinal problem in Western countries, its prevalence amongst Asian has been reported to be relatively low. [2] [3] [4] During the recent decade, several studies about prevalence of symptom-based GERD and endoscopic reflux esophagitis have revealed generally higher number of patients compared to other previous Asian studies. Time trend studies have also shown the increase of prevalence both in symptom based-GERD and endoscopic reflux esophagitis. the retrosternal area. However, different criteria of GERD have been published from all over the world including Asia, with the frequency of its symptoms differing from once a week to even once a year. Furthermore, it also has been attributed to the lack of the exact word for heartburn in some Asian languages, such as Chinese or Korean. 6 In addition, there has not been any consensus distinguishing GERD from dyspepsia. In Asia, endoscopic reflux esophagitis is quite commonly diagnosed because the cost of endoscopic examination is relatively inexpensive. Actually, a lot of asymptomatic people get the upper endoscopic examinations for gastric cancer screening and comprehensive medical check-up. The major limitation of studies with individuals in screening program is that it might not represent the general population. However, such studies have advantages of their large sample size and consistent diagnostic manners.
This paper was aimed to review the epidemiologic aspect of GERD and its related disease manifestations, such as endoscopic reflux esophagitis, Barrett's esophagus and extra-esophageal syndrome, according to various definitions, study settings, publication years and geographical regions in Asia.
M ethods

Identification and Eligibility Assessment of Relevant Studies
A systematic PubMed search was performed to identify all of the reports written about the prevalence of GERD, published from January 1995 to October 2010, using combinations of the following index terms: "gastroesophageal reflux disease," "reflux," "gastroesophageal reflux" or "esophagitis" and "prevalence" or "epidemiology." Only the papers published in English were reviewed. Included studies had to meet all of these 3 following criteria: (1) including epidemiologic studies performed with at least 200 subjects gathered by population-based or medical check-up settings; (2) having detailed description of GERD definition or its related manifestations and (3) subjecting any sample type, including subjects from tertiary hospitals, to collect data about extra-esophageal symptoms or Barrett's esophagus.
Data Extraction
Following information was abstracted from each study included: the year of publication, study periods, country of subjects, sample types (the population-based type, subjects who underwent the medical check-up or those from referral hospitals), study design (derived from case-control, cohort or other crosssectional studies), sample size and prevalence of GERD, reflux esophagitis, Barrett's esophagus or extra-esophageal syndromes of GERD.
All studies were sub-grouped by each geographical region, based on Globocan 2008, the project of the International Agency for Research on Cancer which provides contemporary estimates of the incidence, prevalence and mortality from major types of cancers for all countries over the world. 7 The Asian geographic area includes these 4 regions of Eastern (China, Japan, Korea and Taiwan), Southeastern (Malaysia, Singapore and Thailand), South Central (India, Iran and Pakistan) and Western (Israel and Turkey) Asia. Among a total of 3,440 papers searched by those key words, 1,696 papers were excluded from this study because they were not written by English or their subjects were not adults or human. Only 70 studies were included in the final analysis.
Prevalence of Symptom-Based Gastroesophageal Reflux Disease
Details of published studies satisfying the inclusion criteria on the symptom-based GERD (ie, symptoms of heartburn or acid regurgitation occurring at least once a week), in the population-based studies are listed in Table 1 . They generally used methods of face-to-face or telephone interviews or the postal questionnaires.
The largest sample group was consisted of Eastern Asia studies, followed by those from South Central Asia (Figure) . The prevalence of symptom-based GERD in Eastern Asia was 5.2%-8.5% [8] [9] [10] [11] [12] [13] [17] [18] [19] [20] from 2005 to 2010, which seemed more prevalent than in Eastern Asia. Before 2005, 2 population-based studies from this country with different definitions of GERD also showed similar results. 21, 22 On the other hand, the time trend of GERD prevalence showed drastic change between 2 cross-sectional surveys of the general population in Singapore in Southeastern Asia. The first survey which was held in 1994 showed the prevalence of GERD by at least monthly symptoms to be around 5.5% ± 1.5%, while it has increased to 10.5% ± 2.0% after 5 years (OR, 2.2; 95% CI, 1.0-5.2; P = 0.05). 23 However, the sample size of this study was relatively small and this increased result might also have been attributed to the increased awareness. The prevalence in Western Asia was found to be the highest among the whole Asian region as represented by 20% in Turkey. One population-based study performed in Israel (2007) also reported the high prevalence of GERD symptoms, including 6.5% of retrosternal burning, 5.2% of retrosternal pain, 10.4% of acid taste in the mouth and 7.9% of the reflux of gastric contents.
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Prevalence of Endoscopic Reflux Esophagitis
The list of studies published regarding the prevalence of en- 2005, with the definition by LA classification. However, it is quite uncertain why such a wide range of prevalence has been found for endoscopic reflux esophagitis. There might be some variability in interpreting the endoscopic findings. Furthermore, several studies were conducted in retrospective manner and might have under-or over-estimated the exact prevalence of endoscopic reflux esophagitis. The intensity and frequency of reflux induced symptoms are poor predictors for finding the presence or the severity of endoscopic mucosal breaks (erosion or ulcer). In the medical check-up studies, the prevalence of GERD based on symptoms like heartburn or acid regurgitations at least once a week was 5.0%-8.2%, 31, 34, 36 which were similar with those of population-based studies.
Journal of Neurogastroenterology and Motility Asymptomatic reflux esophagitis was reported in 33.6%-84.0% among the subjects with reflux esophagitis. 32, 34 This finding might be a true reflection of community or caused by the possible over-diagnosis of endoscopic reflux esophagitis by including mild reflux esophagitis or minimal changes. Non-erosive reflux disease (NERD) has been commonly defined as the presence of classic GERD symptoms in the absence of esophageal mucosal injury which has been detected during the upper endoscopy. 37 NERD is considered as the major subcategory of GERD, which has been assumed with an increasingly important role. The prevalence of NERD in medical check-up studies was reported from 3.1% to 4.0%, comprising about 70%- 80% of GERD. 34, 35 Most studies using questionnaires might have over-estimated the prevalence of NERD because their questions might have failed to distinguish the functional heartburn. 38 More precise data regarding the epidemiology of NERD are needed.
In referral hospital settings, the prevalence of GERD showed wide range results as followings: 12.4%-31.7% of symptom-based GERD, 2.3%-14.7% of NERD and 7.1%-20.8% of endoscopic reflux esophagitis. In a time trend study in Chinese tertiary hospitals from 2000 to 2007, the prevalence of endoscopic reflux esophagitis increased from 20.7% to 51.0% with the increased numbers of undergoing endoscopy secondary to GERD from 4.9% in 2000 to 14.1% in 2007. However, the prevalence of concomitant GERD symptoms did not significantly change (range, 13.0%-15.1%) in screening endoscopic studies with no significant interval change in the prevalence of NERD. 39 Therefore, those authors have suggested that the actual increase in the prevalence of endoscopic reflux esophagitis might be the result of the increased demand for endoscopic investigation of GERD symptoms in some populations, or the better recognition of reflux esophagitis by endoscopists.
Prevalence of Extra-esophageal Syndromes
Although typical manifestations of GERD are heartburn or acid regurgitation, atypical or extra-esophageal symptoms might also be presented including respiratory symptoms, such as chronic cough, asthma or laryngitis, dental erosions, non-cardiac chest pain (NCCP), sleep disturbance and so on. 40 These syndromes Figure.
The prevalence of gastroesophageal reflux disease in Asian populationbased study. Gastroesophageal reflux disease (GERD) is defined as having heartburn or acid regurgitation at least weekly. *Study conducted in subjects with medical check-up, **GERD, retrosternal burning sensation or acid regurgitation at least once a month.
been proved to have poor diagnostic yield. Extra-esophageal syndromes of GERD in Asia are summarized in Table 4 . These data showed a wide range of prevalence or proportion because of the different definition of disease and different conditions of each study.
Two population-based studies in Asia have demonstrated the association between extra-esophageal syndrome and GERD. 41, 42 The proportion of GERD was significantly higher in subjects with atypical symptoms than in controls (41.6% vs 8.7%, P < 0.05). 41 Symptoms as chest pain, dysphagia, globus, asthma, bronchitis, chronic cough and hoarseness were more frequently associated with GERD than controls. 42 Both asthma and GERD are common conditions and they often coexist. However, several Western epidemiologic studies have revealed that asthma had been found more frequently in subjects with GERD than the general population. 1 The prevalence of GERD was higher in the asthma group compared with controls in one large scale study (n = 1,135), performed in Turkey (25.4% vs 19.4%, P < 0.05). 43 The proportion of endoscopic reflux esophagitis in patients with asthma was also higher than controls. 44 There have been several studies demonstrating the association between sleep disturbance and GERD. The proportion of sleep dysfunction was 52.5%-56.6% among the patients with GERD, and GERD increased the OR of sleep dis- turbance to about twice than controls. 2, 45, 46 Dental erosion is an acid-induced loss of dental hard tissue without the involvement of bacteria. Direct contact of regurgitated gastric acid is considered to be the main mechanism of dental erosion in patients with GERD. 47 In tertiary hospitals, dental erosions were found in 64.5% among patients with frequent reflux symptoms (3-5 times/wk), 44.4% among subjects with occasional symptoms (1-2 times/wk) and 36.7% among controls (P Journal of Neurogastroenterology and Motility < 0.05). 47 NCCP is a heterogeneous and complex disorder with many potential causes including GERD. NCCP has been common in Asia 48 and GERD has also been frequently detected in NCCP, even though the proportions were different according to the diagnostic modalities.
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Prevalence of Barrett's Esophagus
Barrett's esophagus is histologically confirmed by specialized intestinal metaplasia. 50, 51 It is considered to be one of the most important complications of GERD due to its strong association with adenocarcinoma. However, epidemiologic studies have consistently reported that the prevalence of Barrett's esophagus-associated adenocarcinoma is very rare in Asia. 52, 53 The prevalence of Barrett's esophagus was reported as 0.06%-0.84% 29, 54 in medical check-up and 0.31%-2.00% 39, [55] [56] [57] [58] [59] [60] in the referral hospital settings ( Table 5 ). The proportion of Barrett's esophagus was 7.3% 61 in patients with GERD and 2.4% 62 in those with heartburn symptoms. Importantly, esophageal adenocarcinoma is often found even without any medical history of reflux symptoms. 63 Although GERD symptoms is considered to be one of the most important risk factors of Barrett's esophagus, [54] [55] [56] only 60.1% of subjects who had received the medical check-up were found to have GERD symptoms. 57 In the Western world, esophageal adenocarcinoma has become one of the increasing cancers, in parallel with the increased prevalence of GERD and its major determinant, obesity. 64, 65 Such increase in the occurrence of Barrett's esophagus has not yet been observed in Asia. Epidemiologic changes of GERD in Asia seem to be correlated with economic or environmental effects, Helicobacter pylori infections, nutritional changes, and also the geographic and ethnic differences. 53, 66 The general low-fat diet of Asian, their smaller body mass and also their higher prevalence of Helicobacter pylori might be related with the lower prevalence of GERD compared to Western peoples. 53 However, their rapid economic growth, changes of eating habits and also the growing number of obesity in people would induce many changes in the epidemiology of Barrett's esophagus and esophageal adenocarcinoma in the future. In conclusion, many robust studies about GERD in Asia have been published during recent decades. Population-based studies showed that the prevalence of GERD has been increased in Eastern Asia, but still lower than those of the Western population. The prevalence of GERD in Southeast and Western Asia was higher than in Eastern Asia. The prevalence of endoscopic reflux esophagitis in Eastern Asia seemed to increase in participants who have received the medical check-up. In Asia, only few and limited studies have been reported regarding the proportion of extra-esophageal syndromes such as asthma, sleep disturbance, non-cardiac chest pain and dental erosion, which was found to be significantly higher in the GERD patient group than controls. On the other hand, the prevalence of Barrett's esophagus was found to be relatively low.
Based on the distinct genetic characteristics compared from the Western people, and rapid changes of socio-economic environments, this kind of study observing and investigating the epidemiologic changes of GERD in Asia would be a good model to understand the underlying pathogenesis of GERD.
